Halogenated hydrocarbons such as polychlorinated biphenyls (PCB's), heptachlor (HEP), 1,l,ltrichloro-2,2-bis(p-chlorophenyl)-ethane (DDT), and pentachlorophenol (PCP) are environmental contaminants and, at times, can bioaccumulate in the food chain. Cattle have been contaminated in a variety of ways, but generally it is believed that they are only affected by high concentrations of the chemicals. Rumen microorganisms, however, may be affected at lower doses, thus possibly affecting the cow's growth and milk production. Polychlorinated biphenyls, HEP, DDT, and PCP were tested by a l-stage in vitro fermentation procedure. Substrate utilization was determined by measuring percent dry matter disappearance. Four concentrations (0, 10, 50, and 100 ppm) were studied, and in vitro incubations were conducted for 24 and 48 hr. Samples were removed from 48-hr incubations to determine if the chlorinated hydrocarbons were metabolized during fermentation. Dry matter disappearance proved to be a reliable method to determine microbial activity in the presence of chemicals. Substrate dry matter disappearance for controls and all concentrations of PCB's, HEP, and DDT was approximately 50 and 80% at 24 and 48 hr, respectively. The PCP significantly (P < 0.05) depressed the percent dry matter disappearance in 50-and 100-ppm cultures to 45 and 30% at 24 hr and 70 and 50% at 48 hr, respectively. Metabolic changes in the test chemicals were not detected by gas chromatographic analysis.
Halogenated hydrocarbons including pesticides and certain industrial chemicals have entered our environment and have contaminated livestock. Due to their nonpolarity and resistance to degradation by chemical or biological means, the chlorinated hydrocarbons yield stable residues in the environment? Important formulations that have contaminated cattle through their feed include polychlorinated biphenyls (PCB's), heptachlor (HEP), pentachlorophenol (PCP), and 1,1,ltrichloro-2,2=bis(p=chlorophenyl)-ethane (DDT). The toxicity of halogenated hydrocarbons varies among species, but cattle are affected only by high concentrations of these chemicals. 1, 5, 11, 12, 16 Growth and milk production of ruminant animals is dependent upon the digestion of feed by the microorganisms that reside in the rumen. If concentrations of halogenated hydrocarbons that would not be overtly toxic to the cow affected the rumen microorganisms, suboptimal performance might result. In vitro fermentation procedures have been shown to be valuable in estimating the responses that may occur in vivo. 4 The objective of this study was to determine the in vitro dose response of rumen microorganisms to PCB's, HEP, DDT, and PCP. Experimental doses ranged from those known not to cause overt toxicity to those where a toxic response would be probable.
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Materials and methods
Dosed substrate. Finely ground (1 -mm screen) yellow dent corn served as the substrate for all trials. Corn (0.5 g) was weighed directly into 27 x l00-mm polypropylene centrifuge tubes. The various halogenated hydrocarbons were pipetted directly onto the corn in 500 µ1 of acetone from a series of stock solutions. The acetone was evaporated at 39 C under a stream of dry air.
The chemicals used were polychlorinated biphenyls a heptachlor, b p,p'-DDT, c and technical grade pentachlorophenol. d The experimental doses of each chemical were 0 (only 500 µ1 acetone added to corn), 10, 50, and 100 ppm in the final 30-ml fermentation volume. Therefore, 0.3, 1.5, and 3.0 mg of chemical were added to each tube.
In vitro fermentation. The procedure followed was a modified version of the Tilley and Terry l-stage in vitro assay. 9 Rumen fluid was collected from a mature Holstein steer with a permanent rumen fistula. The animal was maintained on a ration of ground hay with appropriate mineral supplementation. The predominant bacteria species present were Ruminococcus flavefaciens, Ruminococcus albus, Bacteroides succinogenes, and Butyrivibrio fibrisolvens, which are typical of ruminants on high-cellulose diets. l0 Samples of rumen fluid were obtained before the animal was fed its daily ration. Fluid was transferred to the laboratory within 10 min of collection and filtered through 2 layers of cheesecloth. The rumen fluid (250 ml) was mixed with 0.5 ml of 4% CaCl, and 500 ml of 39 C, CO,-purged McDougall's artificial saliva solution. 9 One-half milliliter of water and 30 ml of the rumen fluidbuffer mixture were added to the substrate in the centrifuge tubes under CO, purge. The tubes were sealed with rubber stoppers fitted with polyethylene 1-way valves and incubated at 38 C. For each trial, duplicates were removed following 24 and 48 hr of incubation, and microbial growth was stopped by addition of 1 ml of 5% HgCl 2 . Blanks also accompanied each trial to determine the dry matter contribution of the rumen fluid. After removal from the incubator, 100 µ1 of fluid was removed from each tube and frozen for qualitative analysis of the halogenated hydrocarbons. Tube contents were filtered under vacuum through premassed and labeled filter paper," which was dried at 105 C for 12 hr before remassing.
Gas chromatography (GC). Subsamples of the 100-ppm, 48-hr, l00-µ1 fermentations were extracted for GC analysis with 2% benzene in petroleum ether. Because only 100 µ1 of the liquid phase of the fermentations could be removed without interfering with the dry matter determinations, only qualitative analyses were performed. Two 63 Ni electron-capture GC systems f were utilized to determine if metabolism of the halogenated hydrocarbons had occurred. The first was a 1.8-m glass column of 5% OV-101 on Gas Chrom Q (80/ 100 mesh); the second was a fused silica capillary (SPB-5) column 60 m in length by 0.25 mm internal diameter. The latter provided adequate qualitative separation of PCB's, HEP, and DDT, but was not satisfactory for PCP. The chromatograms from the fermentation tubes were compared to standards made from the actual stock solutions used to dose the substrate. These were confirmed with known standards of highly purified lots of the various halogenated hydrocarbons.
Results
The in vitro fermentation procedure proved to be an effective measure of microorganism activity. The duplicates within each trial were repeatable, and results were consistent from day to day. Because trials were conducted on different days, the results were adjusted for blank dry matter in the rumen fluid, but O-ppm controls were not significantly (P > 0.05) different and . no correction was necessary.
The percent substrate dry matter disappearance in these experiments is shown in Fig. 1 . Harvey's least squares analysis of variance indicated significant (P < 0.005) chemical, dose, and time of incubation main effects plus chemical by dose and chemical by time of incubation interactions. High-order interactions were included in the error term. The dry matter disappearance of substrate dosed with PCB's, HEP, and DDT was approximately 50% at 24 hr and 80% at 48 hr at all concentrations. A definite dose response was observed with the PCP. At 24 hr, a substrate dry matter disappearance of approximately 60% at 0 and 10 ppm was observed, but only 45% and 30% of the substrate dry matter was utilized for the 50-and 100-ppm doses, respectively. At 48 hr, the 0-and 10-ppm samples had approximately 80% substrate dry matter disappearance, while the 50-and 100-ppm values were only 70 and 50%, respectively. Qualitative analysis of the l00-µ1 aliquots removed from the fermentation tubes revealed that the microorganisms did not appreciably alter or metabolize the PCB's, HEP, or DDT. The PCB's were evaluated on both packed and capillary tablished regulatory limits in food products. Doses columns. The individual congeners of PCB's were all similar to the l0-and 50-ppm in vitro concentrations present and remained in the same relative concentra-have been fed to cattle without apparent toxicity. 1, 16 tions for both the stock solution and the PCB's after Doses of PCP similar to the 100-ppm tests were toxic 48 hr of fermentation.
when fed to cattle. with the other halogenated hydrocarbons. Since most l1 This toxic effect may also occur environmental exposures represent only a few milligrams per day, the results of this in vitro study indiumns were not available to analyze for PCP. Only
Adequate separations of the pesticide formulations and potential metabolites were not possible using the subtle changes were noticed between the stock solution packed column GC; therefore, HEP and DDT were of HEP and the HEP isolated from the fermentation evaluated by the capillary system. Appropriate colencountered in the environment would not affect rumen microorganisms. All of these halogenated hydrocarbons are detected cated that quantities of these compounds ordinarily pearance of DDT in the fermentation tubes was also similar to that in the stock solution. An expected metabolite, p,p'-DDD, could not be separated from o,p'-DDT, yet this combined peak did not appreciably change in the 48-hr sample, as would have been expected if metabolism had taken place.
tubes. Heptachlor epoxide was not formed. The apor metabolized form. Principally the penta and hexa congeners of PCB's are excreted in milk, 15 DDT is excreted as DDD and DDE, 7 and HEP is in the heptachlor epoxide form. 2 Pentachlorophenol can be converted to a number of water-soluble metabolites. The GC chromatograms of PCB's, HEP, and DDT after in food products or excretions of animals in a changed Discussion fermentation did not show appreciable change when compared to the corresponding stock material. Al-It is well established that in vitro fermentations are though it has been reported that rumen microorganexcellent techniques to determine nutrient value of isms metabolized radiolabeled DDT to DDE, 8 the refeeds. 4 It now appears that this procedure can be used sults of this study suggest that metabolism must take to evaluate potential chemical toxicity to the ruminant. place in other organs, such as the liver, and not in the Although most studies have suggested that general tox-rumen. icity to cattle was not produced without exposure to large doses of halogenated hydrocarbons, 1, 5, 11, 16 there Acknowledgements press plus lawsuits that have alleged that smaller doses caused subtle toxicity. This study was supported in part by state and federal funds caused an inhibition of dry matter disappearance during in vitro fermentation studies. It was reported in similar in vitro studies that technical grade PCP reduced cellulose digestion and propionic acid production at 10 ppm. 14 Since the PCP in this study was also technical grade, the apparent toxicity to the microorganisms may result from impurities that can vary among manufacturing lots. In Holstein heifers fed 15-20 mg/kg/day of technical and analytical grade PCP, only the technical grade PCP produced a toxic syndrome, which was attributed to toxic impurities like dibenzo-p-dioxins and furans. ll The doses administered in these in vitro fermenta-
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a. Aroclor 1254, an unnumbered lot received from Monsanto in 1971 with composition verified in 1983, 16 Monsanto Co., St. Louis, MO. b. Heptachlor lot #LA 15753, Supelco, Inc., Bellefonte, PA. c. p,p' -DDT lot #LA7928 Supelco, Inc., Bellefonte, PA. d. Pentachlorophenol lot #DC032487, Dow Chemical Co., Midland, MI. e. Whatman 54 filter paper, Whatman International, Ltd., Maidstone, England. f. Gas chromatograph models 5736A and 5890A, Hewlett-Packard Co., Palo Alto, CA.
